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mmm<omm] 

t ^±%^^M^^^ (30) <!: * ft X. T 1/ > T , mUX^it^^. {22) i)-h^$i\LfzX 

(c) muxmit^^A22)ii.x§mm t^mm^ y-i76) t^m^x^-x, m 

(d) m$mn^wmm(24)immm^^i3eAo)imx.x^-x, ^(Dmmw 

ia^^(36.40)(i, Huffi^iN-(60)cO^®<7)-^|,^(61)7&^'H«IS^ 1 <7)I11 IS 4^-1:^1^(32) 
IcH^etJtcTOt^^^ J: 9 i::frfB^IH-(60) 1 <^^^l3|i#-r^:|:ftSi: , fiffi 

ii^i^(6o) <omm<DmMi) ^^mum i <7)iiite4''i:^^(32) ti^wa^tisittc ^ j: 

(e) Buf£^*«^f;^^|f(24)(i^l<DAIIt:ft$lH^P¥^(36.40)^#x.TV^T. ^ 
(Dm 1 <OAIIt^*iHa^l^(36,40) {±, Huf£ii^fl-(60)5i>^'Hiifeil 1 <Dmmz$>:h t ^ 

mmxmyt^^.(22)t^h}i;iMLfzxmmum-^(6o)(Dmm^zxMir^ t # 
(oxmnmia ) ^^n-r ^ ^> <^r-, mriE^ i <Dm^^^LM(32) Kntxmm^i^z 

(f) mmmA^wmm(24)iim2(DxmMmm^$^i34)imx.x\^^x, z<Dm 
2 (Dxmmm^^i34) {±, mmm^(eo):^mum 2 (ommz^h t # mrie 

AM7fe^m(22);5^6mi^ L;^jX#^75^^Mlfili^*4(60)<;o^StcAM-r'5, t^(Dxmn 

mi a) (OX, Huie^ 1 <7)[siiEf'L^«a(32) OS «9 t;H«iam4(60) 
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(36.40) <!: rnis^ 1 <7)x^mm^m36,4o) t^mm<omm(36,4o)-^'nm.^ix 

(76) (i, HuffiH 1 <Dmt&^'C^m32)lzmU^j:m l <7)¥S(X Y¥M)I*IT'X^^^ 

mt-^^fzi>b(Dmnmmf^.i)-ht£::^%\ <7);g:M®(96) fris^ i (7)^m(x y 

¥M) 13 Sil 4' ^ 2 <7)ipM ( Y Z ¥® ) 1*1 X «^ =^ TO'f b1- ^ Tt: i6 Ofe 

(76){i, mum 1 (7)|llK4''L>#.^(32)tcSE7^^ 1 <7)^m{XY^m)\^XX^^iW- 

nitt ^tiib<Dm.^mMm-hf^ I <DKmmi96)t, mum i <D^m{xY 
^m)i>zmm.^j:m2<D^m(Yz^m)iHxx^^u,m-±izmM^^^fzt6<DmF\ 
wmm^ hti:hm2 (nmm (97a) t^mt^^t^s^WLt-t^ xummm 

o 

[»*]S5] it*Jincffi«cox«^lliff^«i3i3v^T, HufS^7lc7fc^^.(2 

6) {iHuK^ 2 6oiii^4''i:^^(37)<7)iii 19 tc ^ Eis-e ^^zt i^mtir^ xmm^ 

iit^:^ 6 1 tmm 1 ^3f^*sc<7)xlalll^Jf^s^ciov^T, mum^^wmn 
(24) {i , HtfHeM#<7)^M n js 4 ::^rni ( w:^[6]) le^t^ ^^m^^^mmt, 

^ ^cixtfi- ^ igii; ( R u . R V mis) ^ -ti- ^ i^tit <h , mmm^^m^mu ( mis) ^ 

[0001] 

z<7)^mii^ y-y^-y (in-piane) mmM^^^'^^^j:x^^mimmiizm-r ^ 

o 
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[0 0 0 2] 

y{y-f\y-y uwmmt \t, m\ ( a ) tzTj^i" J: 9 1-. m^mM 1 0 \zn l t 

1-tLt-n<7)Alt:^JtaT' mUt, 0. 1-0. Sjg^IEOl^i/hAM^jgt:) X 
4 'i) J: ^ L/iiU^^?* ^ ^ „ ^.f«T'^-tR 1 6 fifit^WM 1 0 $r 

(5{?Ri:¥Ml*I'eilIJJfX||^t^tbLTV^<|,(7>t:M' vyi^-V (in-plane) tm^ 
[0 0 0 3] 

, mi ( b ) tc^i" i 9 1 0 <7)r£#.^ 1 8 1 xmxm 1 2 .h ^-i-tf^ 

®2 Ol^t:mt:ffX«^l 4 LTv>.2>o C:<7) J: 9 ^3i#<7)iiJ^#Vi^, -<7)0^ 

#ffl#-e{i, ^ >yi^->lp]MiJ^i:^lBS$-ii:-cT'^7 h^f-r^'P-^ (out-of-pla 

ne) mwiJ^^in^^ittci-^o ^MMflt^ov^rr-^ h^yT'^-^lilWJJ^ 

^ § . ^Mii^fi-<7)T -^7 h ^ y-fv-ymwm^x^t, m.m^m i o ic^t lt x#^ 

[0 0 0 4] 

■iy-i'u-ymmn^^mM-^^r^^i, m'^(Dr'y Y:^yf\y-ym^m^m 
<Dxm^nmm.t{mm<omm(Dmm.-h''SL^x^^o lt^^l, -< y-fi^-ym^ 

fflij^ tr ^ Vis- y'y°\^- > lUt/f PJ^ ^ , X I^HItJf ^tttrH Jfe-e ^ -i> J: ^ 

\zWi7r-^f^fzmm.i}^^^i\-X\^^^o 
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[0 0 0 5] 

1 ] 

1 1 -3 0 4 7 3 1 -^l>$ii 

[0 0 0 61 

[0 0 0 7] 

\y-ym)xm^<ot^ tm\:.x, ^^n^iW^r^m^^xx^^^^o x«aittti^<7)si, 

dtzimm"^^, -TtLHiisff^-iirT, xi^itm^^±jii<7)^iii*Kt*ii'fciii*s4' 
o :^<Dx^m^mm.^m^^xmmM.m<r>T^ Y:^y'-fu-ymwm'^^'r 

T, Xmtmtf/itt^l&iS'^llIlStf 'C^ltiOllI 19 lC|lI$E^-t^:TllI*ffXi^=^?piJ^1-^ 
-)j'{ki>^'^)]Xh^o 
[0 0 0 81 

±.^Ltzitt^<Dmv?xmi(r>xm.m^nmm.^\^^{f, WMm^z^t, mmmA\z 

o 7'y vtry'u-ymmm^xii, xmkw,^i:yi^^'mi^xmm^^xis^, 
xn^tb^f <7) d <7) j; ^ 4^iii$K(iii's-<7) =r^:i-^-:$^ (7)mmxmm.x § , -eo^s 
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[0 0 0 9] 

d (Dmn (i ±ai CO rpia.-?. ^ ^ i6 4^ $ n ;t: ^ o o , g sti {± . 

[0 0 10] 

\^xhhi)^, :L(r>%m^tz.(n>%WMM^zW^^h.hii(DX\itf£^^o 
lo 0 1 1 ] 

^O|§HJC0X«t[l*ff^S(iAM^^m(22) ^ft^*«#1t«(24) ^$^^^^^(2 
6) t^%1t^^M%i.m^m h^m^X\^^^o m^XWlit^^.{22)i)^h)^%i\^fz 
Y.mt, BUlE^*«J««(24)(i^Jf ^tt/j^f|-(60)tiAI+LT, C:oM#4(60) 
-C'lliff L T^c X^tS^'hu lE^Tt^^m (26) $ o HtrlB^TfcTt^millK^I^ (3 

o)(i, tuf5p^$^(60)twAWi-^ x#.to:^ip)tc^ti-^Htrfe$^^^.m(26)<7)7fctt(7) 

4^i-^)t(2^)^^^M1-^/ti6H, m)ffi$7fc7fc^.^.(26)^^ 1 0[Dl$5;4''6#.^(32) 
<7)lli9lcill*E$-ti:^^tfe^^-r^o mlZXWiit^lh (22) fi X « (66) h^mm^ 
^-(76)<!:^ffi^Tv^T, huIE^^M^ ^ - (76) (i. BufSXM75-^ttllt^n^ 
XI^^Buie^ 1 o|Il$£'t'>L4^(32)CStt4^¥®l*I-r^¥^T<t-r^1tH^^^i-^o HU 

(24) \mmvm^^ (36, 4o) ^ -c v ^ -c , CI (nmmm'^mk (36 

.40){i, HuiSm2K60)<^^M<7)&«t(61)7&^'mria^ 1 (r>mw^'LMi3>2)\z%%m\z 
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^-v: 6/ 



#(60) (Dmmzmw-r^mm t<Dm'c\ muun-xwmmm) <D^m^^ 
m-r^mi^m-rho mtmm-xnmmm^t, ttz, ^KDX^^mm^mz 

6.40)^-ffix.-Cv^T, (7)Ait:fttlJIW^^(36,40)(±, Huf£^#(60) tJ^^M Ifi 

<7)^Ml3AI^1-'g. t § oAM^^Jt ( « ) ^^^Hi-^ i> (0X\ mum 1 <7)|i$£4"'L^#^ 

(34)^fix.-cv^T, z<Dm2 (DXMf^mm^^mii, mtmmm^mum2 

(Dmmz^h t^\Z, HfrKAl^^^.^. (22) 75- h tbM L Xlt:6^'HtffBti^f2|-(60) <7)^ 

® 13 AMI--?) <h ^ t7)Alt^Jt ( a ) ^'^M-r-5> ^ <7)-C, Huffi^ 1 (Dmnii^'L4Wi2) 

<Dm 19 tiHyffiiit*^(60) ^miE^-^^aHg^Wi-^o 

[0 0 12] 
[0 0 13] 

mifE^I^»¥lx(36.40) tmU^ 1 OAIi-^$W^I^(36.40)(iifcii<7)tttS(3 

6, 40) -e^iai" ^ <!: T^^'-e ^ ^ o 

[0 0 14] 

mt^^mm <y- (76) <Dx>t^<D9^-f{t, mie^ i <oiiite>^'.L.j^(32) mn: 

ti:^ 1 <7)^®(x Y¥ffi)i*I-ex#t^¥tT'fbt-^7t:a60»®ff:^^:'c;6-'b4-^^ 1 O 

mmm)t, mt^m i <7)¥m(xy¥®)cse4^^2(7)¥m(y z™)[*i-c-x 
«a ^ ¥^T^t:f (Drnm^^mi)-^ htiih%2(r> wMm (97) <b ^ n x t v ^ ^ „ - 
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[0 0 15] 

1 <D^m(xY^m)\Hxx^i:^mti-^fzt6<r>mmMm-h^j:^^i(DBLm 
mi96)t, friE^i <7)ip®(xY^®)t;Si:4^^2<7)q^B(YZ¥M)i*i-exia^ 

o 

[0 0 16] 
[0 0 17] 

, mmm<^mmi^zm7^^^m\^xmumA-^ 2 >X7tyj\^(i5, Yum^^M^^' 
m^'t^ mn t , mt^^^^<^^m ^ a l r 5: v ex t- ^ n «o 0 $5 4> -ii^^^cio 
m^i<zmm-'S:mmRu,Rvmm^^^mmt, mumA-^m^^m^(<^mmi) 
^^^mmx$>^o 

[0 0 18] 

^ih2 2 tm^-x\^m%2 4 h^itit^%.2 6 t^itim-^MU-^-^ 0 ^/i>^e^ 

^ o 

[0 0 19] 
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#iS 2 0 0 3 - 0 8 4 0 5 5 ^- v : 8/ 

(i^^^^^.HllK^S omkf'f^tiX^^^X, Z(D'§:^it^^M^-^3 Oi±^-^ 

2 8 i;*tLT|sI$E4''L^|^3 2 (IIl4^r#BS) <7)lil ^HJ^-e § <5>o ^(7)111^=$: 2 

[0020] 

T'|it*|-^#M«2 4tC{i'^StL^\.^o -enm5'l>OS15p°p75W«Jf^«2 A\z^t 
[0 0 2 1 ] 

^-;^2 8tC{iriffl#-r K(oI*E^3 4 ^fjIStfb^aTv^r, ^<7)rfffi5^/M KIII$5 
•^3 4 2 8 l,zMLX±^(Dm^'^'L^^3 2<Dm^ ^HlfE-e^^o ^OHI 

^^llIte-^3 0 i:M$4-llIte^3 4 {iSv^ti^SaidlllteT'^^o a; Eltetrov^r.^ 
[0 0 2 2] 

F[l]|z;-^3 4 <7)±t;(ivf K3 6 tJ^^H^^ ttrv^^o vfffl^M K 

3 6<7)— ^6 2{±^*3|-6 0 i 0 ^>i^v>fiatc^l9, ^<^— ^6 2 <7)iS#(CXl^a 

JZ^C75-fbAI+X#^^AIt$-ti:'i);t:i6<7)^)Ot:-^ao v^ffi;^'^ K3 6<7)'(t!i^6 4 
[0 0 2 31 

vfffl;?7*^ K3 6(7)R5ilitft<7)|*iM3 8tC(i'^^^M^4 0 i9#it "b^Mrv^-C 
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, ^<^^^^H^4 0(i. vfffi:^/M K3 6<^I*IM3 8 T7K¥4-III^'f'i:^^ 

3 7 0019 ^^-jg 0Jg<7):ftK|gHrtT-|lieT'#^o {U >() m^t 

6 0 (^^1^75^(5 kiii^mm-. 4^ «9 , c <7) i; ^ 7° u - > la wiu^ ^ hm 

-r^ i d tc>i^orv^>5>o ^^^^M^4 0 75^vfffl:^'-f K3 6 <7)rtMlc?&oTSi)!j L 

ffi K 3 6 <5o-)^ 6 2 o-ftis s X'^Wiirh t , 6 0 (Dmmmm^B 

[0 0 2 4] 

^^^M^4 0<7)±tc{±|i^f|.|p|^^4 2 75^1^tt^tL-n/»T, :i(DmAmn-^A 

2{i, ^|^^3l^4 0<7)±®4 4 twSE'^llI$Et>'L>^4 5 (I1I4^#BS) OEI J) 

^;[pIf£t: #^o .-c7)[l]$£^ ^ 11115^ n^^^ tili-^o (134 ^#BS) o ^<7)^lDl 

10 0 2 5] 

4 8 7&^^-^ffl®tC?&o-C^E!jartgtCf5lt'btLTt^^o H lP^-^4 8<7)TM(i, M 

oTv^^o -10^ 1 11^-^4 8 (i, 4 6 Ovf fflM±*^E!|-r'2> - ^ 

-e, P^^^?#^4 6 tC^+LT, ^f^^^M-a-4 0(7)[ll$St4:vL^#j^3 7 ilWI^OHltz; 
4''L^«t<^)Iili9 ^, IS^/h:ilSIEHl*I-e[lI$E-e#^o ^OSIk^ R u UliEtlif-SiC <!: 

ci"^ (ia4*#Ds) o llip^^4 8<7)±ffi'^ra^:^^cIHl^fi^ffflM^c5fcoT 

v^-C, C:<7)fgfflffi(7)_htc^2p^^5 0 7&^'^ftt)oTtgm5:tt<b;Krv^^o ^2P^ 
^SOOTM^, 0 1 P^^4 8 0±M<7)vf fflMt^ii-^^-t-B J: ^ 'S-N Tt^fioR 
W;^<OrifflMi:4oTv^^o ^<7)^ 2 5 0 {i, ^ 1 4 8 <7)itffl®± 

^rf#tbi-^C<hT% ^1P^^4 Stc^tLT, 7K¥4^liI$54''L^iaoiII 19 ^, WA^ 
:^JSfBHl*I-eiI]$5-C^ ^<7)[ai$E^R V SlStli^^^ <!: ^--2)0 {mA^m° 

*2|-6 OO^S-^iiilLT, Sv^tlilxLTv^^o ^ 1 4 8 ^ 0 2 5 
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, m^^m<Dm^6 1 ^$^#111^^4 2<7)iiiik4''U^4 5 (m4^mm) t^-ifc 

[0 0 2 61 

^2pg^5 0 lC{i#|?$^5 2 75^15tt'btLTV^T, C:o#|5$^5 2(i, ^2P 

^^5 oo±BiiSii:4':^i^i3^ft!iT'#>6 (m 4 <7)w^fSi<7)#s!,) o i>Lm2m 

<D^kM*'^ K 5 4 7!»^'@^$nTv^^o ^<7)mi(O^Mif^ K5 4<7)±®IZ(±|^2 
K5 6:d^^^y4 V^mzm-oX^^ W'2(T^mMli^ K5 6 (i, ^1 
<7)3&jt:^?M K 5 4 (7)±®<7):^"^ K?»t;?&o-C, % 1 <DlkmU\^iZ^$W}X ^ ^ im 
A (D\i1i\p\mm) o ma tw^-rm^.-eti, ||2<7)afeB:^M KS 6<7)#K,;^(p](i 
X:^l^i:-ic1-;i)o ^2<^3feii:^*-r K5 6<7)±ffi^c{im2^^ 5 8 75^'^^^ K^Hg 

, %2(D^m^^^z^Wix^h {mA(Dw:)im<D^m) o msic^-rm-.-cii, 

lrtfl-^5 8<^?^llj:^ifi]{±Y:;^ip|^— ifc-r^o ^i(r>m.mijS^tm2(ommii\^\t 

Hv^tCitxLTv^^o ^*l-^5 8<7)_LMtC{i|i^*2|.6 0 i9 'fftt-l* ^ a: # ^ 
o ^ 2 <7)3£3i;^M K 5 6 t mA-^ 5 8 <7)3feii3ft!jt^ J: ^ , |jt# 6 0 'k^(DmA^ 
m\iZmi:^£M\HX2^^if1j\^\z=^W}^^hZ.ti}^X^, ^ntCctoT, Mf^^M 

±<^ xmm^m. ^m^^^t :d^x § ^ o 

[0 0 2 7] 

^H, [112 5 ^#BSLT, XMit^^.2 2 ^Umi-^o H 5 (iH 2 (O^® 

2(ix^i=6 6 t^mm^ y-mme s txmi^ey^n^-^^mT o ^ASt 
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[0 0 2 8] 

mmt(Dm 2 (omm 9 7 ^^1-^^ 2 (D<^-t^, ■t<Dmm<7) t c ^t-*^ 9 

(side-by-side) O^Sigco^Sfli^ ^ --C^^o ^(D^mm^ y - 7 6 ^m^) ^ 

^)^) X YTOl^tCisv^-C^b, Y Z¥Ml*IHi:5V^-c^>, TO'fl:i"'2> - <!: ?i'^^t:■ 
# *l5!JtC^ 1 CDRSt® 9 6 mitL/zXiati. ^hiz, m2<DKmm9 7x 

mi<7)mm9 e-esMLrmr^f <o mi <7)mm9 eitxY^mp^xxm^ 

x$>^o xum,^.e 7:d-h^n-r^xm^-^^WLmmxmibxw-mtLx\^^h 
<Dx, )^jt<7)i^i/^¥^Ttf-A75^i#(btL^o ^<D^mm<^-i:m^^^^tx\ X 

iiiyf-\-^y'j:t^i±, ^kT&ir^X') iz, AMm^ey ^ u ^ - ^ mw^m^^^h Z t^z 
[0 0 2 9] 

m2\zWz^X, Altffl^y i5'np<-37.^tt7 0(i, nU\zmk(r)^ J "7 u y - 
^imx.X\^^X, :iiXh^WO^x.xm.mx^:h Xol>Ztj:'oX\^^^o m5Xli4 

^^w:7 oi:mm-r^ztx, xM^xm^'^hiz^^n^^^mm^tix, mid- 
nm<D X Ilia tif iij^jo^^ pf 4^ ^ o 

[0 0 3 0] 

El 7 (i Altf IJ^ y ^J' n > - ^ 7 0 (D^^^m^^^ iZjfkL fzmWX$>^ o 
3fl^<7)^y ^n^-^^r±Tt^3£-<TMLTv^^o 1-4^^-^, Ge (2 2 0 
) M^SItBt LTfiJfflL/::4|SB^H^y ^J'n^-^ 7 8 (Sit - ^ <7)ii£«i(.i 
:^JPgHL-Cl 2t» ^, Si (4 0 0) ffi^^SltBi: LTfljfflL/::2^B^B^y ^ 
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) i:. S i (2 2 0) ®^SM®^ LTfiJfflL/j4|gH^H^y ^cjpt-^ 1 0 0 ( 

p< - ^ ^±mi^t!j ^-tt^ w t tr. B/fM<^^y ^ o > - ^ =^ X#«i^(C#A1-'i) 
[0 0 3 1 ] 

HIS (a) itA^^B'^y i^^^-^(Di'ipm^7r.Lfz^mmx'$)^o ms (b) 

[0 0 3 2] 

fiSPg{i-9--r i^^p^T-v^tf J: ^ tc^SroTv^^o I119(i, HI 7 

Ti 0 2(±^H^H^#^i 0 4cixo#tt'btL-rv^^o ^^m^n-^i 0 4im^m 

mi 0 6 C^I^'fttt'bnTv^-C^Pt:^'^ Kl 0 8 C?&o T^P^pTt^-C^^o 

K 1 0 8 i i o co^J^jt^m^^HX^^X , ^4 y 1 0 8 

<D%^^nLm 1 1 2 Xt^t^tX, m^-ff^ K l O S ^l^i/h^E/i^tlll^^-ti: 
^^<h;6^^-e#^o m^if4 Kl 0 8 75^^lsI$Ei->2> <h^B^H^#^ 1 0 4 'i)liI$KL, 

^t^i<9, ^i^M^T 1 0 2(7)iii$s^jg^«^T'§^o ^<Dwmm~^^ , X 

0 mmtC LTtiJ*-^, 1 ^55-^0 1 mXT(D^^mB.xmm:i3^n^Xi)i>o 
[0 0 3 3] 

mi (O A 'ituB"^ y ^ u :^ - -9 7 8 cOp^coRltM^rtcov^T^, ±i$<7)f^iji 
^LT, l5;i)^<7)4|§B^H^y ^D^-^ 1 0 0<7)2aoSttS^T^, 2^B^B^y 

o 

[0 0 3 4] 

AltfJJ^^ ^ n ^ - 7 0 HAIt-r-S) X^<7)j4g7{,?[Bj DT-^)-?) tU^-fh 
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6 6 t^^mm^y-^me s ^iii2<^x:^i^tcv-7 y-t^^^ i.zlx\^^^o t^^fe 
X, xmm^y ^o^-i^mmi o:^^hiiim^ti^x^^(DitLm^zmcx, m2<7> 

[0 0 3 5] 

\) y h 8 0 tri-y^ +P-^S 8 2 t X#.^^:m§l 84<i:;^-'b=5:^o T-^hy-Y 
^f-^gS 2 {±, 2Sli<7)^y ^ ny i: im<Dy-y~7. U y h 

x.Tv^T, itL^^iaJ«9^x.T^5gffl-ei^ J: 9 t^^oTv^^o IH 5 "Cti 2 ISa^^ 
y i^^ny-^ 8 6 ^j^o Tv^^ ^ ^ ;5 LTv^^o 
[0 0 3 6] 

mi oiir±y^'^-mw:8 2 <D\^u^m^&^iiZ7f:LtzmM.mx$>^o ±^'<>> 

MItl, V-^-T.^) y h 1 1 4 t. Si (4 0 0) M^SMMi: L-rflJfflLfj2 

X3. 6fp) t, Ge {2 2 0) m^mmtLxmmLfz2i^^a^y ^xj ^- 

3^ 1 1 8 (Ammiimd ii<^o Km^~^.<o^mmiinmi<:^Lx 1 2m x'$> 

kt±.^1L(D^^ y/^-1i^\,zi.ho 2ISH^H-t^ ^ ny -^04 [lIS#<7)f^ffl(i, El 
8 (b) kZ7r-Ltzii(DXhho m8 (c) (iy-^-;^ y h<^¥Mlil^^LT 
y-^-y.'; y ht?t#^tL-5.^^fJ$fi^J;i{^llfi::^^75^'0. 1° \^MXhh 

hll4^ii^L, it^&T--7yy'(7)f'^^4^^-(7)J;9ti53-g?|f^^5fe<7)^i>a-{i, 2^ 
B^H^y n y - ^ ^iiK1-'5>o 
[0 0 3 7] 
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^-v: 14/ 



1tm^8 4 (i. m 5 tc^l-J: ^ 13, if^ KB 8 lc?eoT$7fc3lc:^.¥.<7)^$llt;Sjl 

n>-^ 8 'J y h 1 1 4 tc^U I9 ^^x./^: i: § Ji, XHkf- AT^^^tB 

T< ^{igT^^'v^ M->2)<7)T% X*^1t{±Jtff8 4 ^[15 0^en9 0 <7):^[pinSft!, $ 

[0 0 3 8] 

[12 tc^SV^T, 7 h^ms 0 i:T:h^-r¥-^S8 2 <!: X^ltttbtl 8 

4{i^m^5:t#^9 2 tc^fJfd-tfbtLTV^^o C<7)^tmt?^#^9 2{±, iSjilL 
-CV^^R?iR^^<7):^"-r K9 4 C^if ^ tLTv^T, C<7)#-r K9 4 lCf&oTl&EMl*I 

amiz^^t^it, ^f^^3E^4 oomtcf^Ms 7 ijfc-r^o coek^, 

(Dmm) K$>^, i)^^, AltTfe^.^. 2 2 O^ttt ^itit^^^ 2 6 <7)7ttt i: ii^m^ 
AL\z^^t^{t, ^$;|-6 0<7);^,[ii$K<^liI$Kff.L>l^3 7 <!:, ^^^^^ 2 6 <^ ;^ 

[0 0 3 9] 

E5:LTv^^:;^--r K9 4 (iTK^'^T-A 1 2 0 <7)5feJrotCia^$ tLT v^T, T- 
A 1 2 0OtM7C(i^7lc;7fc^^.lll*K^3 0 H@^$:aTv^.|,o ^itit^^Mn-b^ 
Oi)^2 am^t^t, '^itit^7h2 &(r>^^i)^2 0m^-f^^t\ztj:^^ 
[0 0 4 0] 

w lite: -95° ~ + 185° , 5^ft?tgo.ooor , J^yu~^m^ 
2^ his: -160° ~+i60° , Rfgo. ooor , 
X m%i : +92° - — 5 ° , "^mm. oor 

ii^y9x^^'^-2'' ~+i2° , ^Mtfeo.oor 

U, V^tb : >^ h n-^ 100mm, 55-liHg0. 001mm 
W^ift : -20mm ~+ 1 mm, 53^ J^lfgO. 0005mm 
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R u. R vHIIk : -3° -+3° , :^ft¥m001° 
95 0^ : ±185° , ^mm.OOOl" , -7 JV^U-Xx.yzi-'fWm 
[0 0 4 1 ] 

±7&-ibi,TB#itiii'9 ^iE:^i^t-r'2)o x^^<r>m.^stm \ 2 tc^-tiifiT-* 19 , 

Al^7t^.^.2 2:^^e.B-CSB#ltlfiI'9 ^iE:^fS]t1-^o :^ > ^ ;^ 
12tc^tiim (^m^^Jf^ 9 2 ;6^'7fcWi^.) -C^* «9 , ±^ti|II*Ki-^<7)^iE 

[0 0 4 2] 

2 (Xliaii?L6 3 7i>^^B^^:}xTV^>2>iBii) ^ X^^AMfflOt^fSitt'^o -^ffi^-f K 3 
6 ^^<7)J; ^ h, EI 3 tcisv^-c, ^^^M^4 0 ^vf ffl;^'-r K3 6 

^-e*^) i;^ti->i)|^c^isi-6 0<7)^M<7):^jt, -f^-^b-^IHl (a) <DX 
[0 0 4 3] 

•^Tii^lH-e 0 ^-e<^®i*i-eiiife$-ti-^o ^(Dm<>z, ^iiitK<7)iii$E'f'>L^«^4 5 n^t 

Cfzi^l/Z, W' 1 P^^4 8 OR uliI$St^2P^^5 0 O R v HHe^I^P^ LT 
, #Pf^5 2<7)|1]$54''L4^ (iitfW®<^'^*^6 1 tl^Lv^) t j,m^(Dmim^'L^ 

[0 0 4 4] 

taiEilf 2 003-3098309 
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^-v: 16/ 



6C0X||jM?L6 3 ^MMLX, Oi<zXMi-^o 
[0 0 4 5] 

ztnzx<o, mmm^<D4 yy']y-ymmiM^^^x^i>o :z<Dt^, 

[0 0 4 6] 

^(Dm, m 2 <7)itai§?^j#^ 9 2 ^isi/h^^j^fitt;^ ^ ^ z \^^f.^^x, m 1 
it^^x^ yy°u- y^mm^-r^ :zti>x^^o mmikm/s ^mx.x^ y-f 

v-ymmm^^^t, mAmMo:>%t^^mmz^^^x(D\^^'^^^(D^\t^^h 
t LX(Dmii\^x<Dw.mmm'm.'^'^mzr£ho 

[0 0 4 7] 

^c, ^ y-fv-ymwm'^ii^hry Y^ry°\y-ymW3!\^\z^J}^^%x.^1i 

m^ktm-r^o tr, mi 2\z7r^'ti^^\z, n^is^ A^m2(Dmm 
¥^mM^\z-r^o m 3(iiiii 2<o'Jskm^z^^^x(D^mmxh^o 

[0 0 4 8] 

>k\Z, m 1 4 U^fct d ^Z, m^if^ K(1II£^3 4 ^'Z^Wtii^^tm ooMtx,^ 
^Jf^9 2(i7K¥t^'{*oTi3<o ^t^, mx.kt, m^if^ Kli]$E^3 4^a>Iil$E 
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[0 0 4 9] 

¥M{i, ttbhi>7K^mmz^^ir^o ^Lx, :i(7)^m[^xit, (1) ^mm 

<y~7 6(Dmi <7)SM® 9 6 <t o XXMxm^mrit ^fi, ( 2 ) AltfiiJ^ 
y ^u^~^ 7 0 I*} (7) 4 ^B^H^ y^'n^-^^/i{i2 ISb^b^^ n ^ - ^ h 

X'oxxmxm:^''^hizm^imzj'w-mt^i^, o) t^^^+p-^ss 21:- 

2 ISb^h^ ^ i^n>-^^j5^9 t^-^'ti, C <7) 2 ^B^B^ y ^ n > - ^ ct o T III*ff X 
[0 0 5 0] 

^(omm'mmxit, m6i,z7r.i-^mm<^- e 7 ^m^^x^^^(7)x% iii*ff¥® 
mritLx^^^^o Y z^^mxi^x^^^mjiti-^ t, mi K7r:-tx^^Mma(D:fj 

[0 0 5 1] 

^i>z, wmmm.^vm-t^o :Lm(D%immx\t, ^mm^y-ttx, 
r.^ (7) mm mil t nmm-k tLfzi)\ in 1 5 tcT^f j: 9 tc, m2 (dkm 
® 9 7 a irnmmjfm tt^^ti^^x^^o ^1 <Dmm 9 e iiWc^m=ffm<o 

ttx^^o X ^ l>zir ^ t , Y Z^mP^i<zis\^^xiiX^iim^mm±xm^ 
-r^*:^e-A t9, X Y¥®l^-C(±¥tTtf- A t ^->2,o fiJx.fi; X 

^m.^. 6 7:/}^0. 0 8 mmSOd^°-r > h "7 ^ - iJ^^X^h t^K, mA:'-&\%X^t 
, ImmXO. 2 mm<7)^^^ 1 2 2 t 4-^0 ZtHZXy), l^fl-^SiOXW. 
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[0 0 5 2] 
[0 0 5 3] 

^ ^^1-¥MllIT-ab'2»o AMfiJ^y ^ -^^g-e{iS i (4 0 0) <7)4I1IR 
t+0 2^B^B^y iJ^n^-^ 1 2 4 ^jg^^^L, T:h9-^-f-^ST'^), |WlC2|gB^H 

^OS i Ji-^A 12 8 ^fflv^/co >1<7)H7 jT-yN 1 2 8 fi, ^(D^M^^S i ( 1 
0 0) MtwTOt^'SroTv^^ ^jcT^T-ab-So - O^^m-H^t LT, ^ > 7^1^- >lltlf 
ilJ^^HMLT. Si (4 0 0) M^-«b<7)[lItifX|^^^taiLfCo 
[0 0 5 4] 

HI 1 7{i?IiJ^^!l 1 <7)vl.iJ^IS:i:Oir^7-eab'i)o Si (4 0 0) OHII^f t:-^<7) 

x#t?iJS^, v^<o^>(7)^i^#^-e^^LTv>.i,o c:<o^'^-7=^#^{;«±. Hie 

ICiJV^-r, ^-f, 2^=^6 9. 1 Jt#i5tw|^^L, ;^^o, o^^Si (4 0 0) <^ 

ic, m^Mmmmp^x 2 e tw^^t^t r~.^^^^io^x, mnx^(DmB.^m\ 

^l-'Bo m 1 6 -eti, 2 e:H^xi> ujii\p\xi>, i*3i6-rv^--/4-[il4Jf t:-^ 

[0 0 5 5] 

^t::, ?|iJ^«aj2 ^rliiW1-^o iiJ^0iJ2{i, m.mtLX^yT^rmm.±.(D^^ 
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^B-y^) :=iymmim^^tio ZOU^lt, SOS (silicon on sapphire) tm£ 

ti^ii(DX'$>i>o V ') ^ yMm<r>m^i± i o o n mx^$>^o n 1 8 itm^m 2 iz 

ibhii, xmrn^ey ^u^-^^mmxiiG e (220) <D2mKm<D2^^B'^y 

^n>-^ 1 3 2 ^ii^L, Ti-y^-^'-mmii, 2 ^^^b"^ y ^ ^ ^ - ^ 1 

3 4^miiKLfZo ^LX, (a) <D7 'y h y'y'U- ymWMT^Xii, mi 3 

e^mmz^rx, mm^imi^zw-n^^s i (400) w^'i^<Dmifxx^im\^L 

fzo -U, (b) <Dy( y-yu-ymmM^Xit, 3 6^7K¥iclt, 
^ffilcSe^-S i (400)Mi:Si (040) ®75-e)<7)[iI^;fX^*iJj^ L/Co 

2 eae 9mHj&x$>^o 

[0 0 5 6] 

n 1 9 iiJij^<Dmmm 2 <Dm^B^(o ^^yxhhc. s o s m\<n s i (00 
4) (Dm^y^-^ {r^\-^f-fv-ym^mm.x\%h^fzi,(D) ties. 9js 
s o s$tfl-<7)s i (4 0 0) hsi (0 4 0) (Dmiff^-^ y 

y'u-ymWM^xnh^fzii(D) (±6 9. 5S#j5u?ltLTv^^o ##<^/c*:) 
tC, ^I^b^bV'; ny-j/i-ZNCT) (4 0 0) h (0 0 4) (7)|lli»fl^°-i^ 

-e, Hv^tC^ffiT^ (400) (040) (004) 

[0 0 5 7] 

ymtnm^ t^y:rv-y m^m^ t ^ m-'(r>^m.x%mir hz.ti)^xbx, L 
7)^^, m'i^mt'i,mm-h^''^mzt^ho ^nctoT. giMISB°Bt3iii<S;': (M) 

[0 0 5 8] 
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> - tu.mz<)^^x immm 2 tm cx-^^o m\^m 3 it, >-:rv-ym^ 

iiJ^lcioT. SOSOSi (2 2 0) =^iiJ5eLTi/^>&o 112 0 (a) (iffliJ5c^J 

3 <7)Sda-C-^ 19 , 2^(i47. 5Jg#^-C^)^o Si (2 2 0) ^PJ^L 

Xi}-h, KfH 3 6 ^ 1 8 OS/itto^lHlK-rtKi', Si (2, -2, 0) i^Mm 

10 0 5 91 

iij^l^ij 4 (i , ^ > y - > IHtff iBiJ^ tCJ:oT, S0S<7)Si (440) ^ ilij^ 
LTv>>2>o 1112 0 (b) ti vfiij ^150 4 CO Kfi-e^) «) , 2 ^ {i 1 0 7 . 4JS#i5-C^ 
Si (4 4 0) ^rliJ^LTT^^^, 3 6 * 1 8 OJS/itt(«ll]$EL 

T?|iJ^1-n(i\ Si (4, -4, 0) ^iiJ^-ei^o 
[0 0 6 0] 

HI 2 1 (±?IiJ^^iJ 3 <7)PJ^|gm<7)i>'^ 7 tr^^o ttz, m 2 2 {iiBiJ^^iJ 4 coiPJj^ 
[0 0 6 1 1 

El 2 3 (i, ilJ^15iJ 2 ~ 4 [zm^y^^X%t,m^(Dm.im^-th C i: il^m'fhVv 
2(D^'yy (Ell 9) tC^-sTv^T, Si (4 0 0) (Dy'^ y ^'^^ 6 B tMiff^- 

^ (Dm 3 eBt i)^^ s 19 , - fitm 2 3 CO i^* ^ -7 4^ 60 ffjx^coiiA'e^ -i) o PJ^^y 

3<7)^'^-7 (1112 1) Si (2 2 0) <Dryy'r^dBtm^J^\^-'^<D 

ms OBij^i^t^ , Z.Mm2 2(D^yy^(Dl^m(Dm,%Xh^o PI^^J 4 <7)i^ 
yy (EI2 2) i)-hlt. Si (4 4 0) (Dy'y y -^'^ 6 B tmH^- <D^^S 6 
B /i^^pjt S 19 , - n7^>^'lll 2Z<D^yy^ (D:^m<Dm%Xh (DM'm.m.i}^ h 
v^iW-v3>ffl^l 3 ^^^ibhZt-h^X^ho COv^ i P-v 3 
1 3 8 tc^-c)V^T, ^ >7'^->:^l^c7)4§i^^i5:lCj3V^T, (?d/^d = 0. 0 0 
1 0 l(Dm.i)'^^\lX^^Z>:Lt.i}^^i)^Z>o 
[0 0 6 2 1 
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z<D§^m<Dxmm^^m:ii, miifxw-mi:^miiZLx^ yyu-^mw^mtr 

wmn. ^ <!:" ^ 6 ^ n9rmt^x%mx # o 
[mil 

y( yy'u-yminm^tr^ r y'u-y miffm^ i mm t ^ m^mx ^ z> 

o 

[(1121 
[EI31 
[1141 
[12151 
[11161 

AMiJ^y o^-^^g<oi*ig|5^^^6tJt;^1-t4miil-e^b'i)o 

[1181 
[1191 

•9--r >/s--;^^<7)^i^^a«*^i-¥MIlT-*^o 
[H 1 01 

[Hill 
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[la 1 2] 

[0131 

lEI 1 41 

m 1 51 
[m 1 61 

[H 1 71 

m iJ 1 <7) iij m^^<^ ^'yyxhho 

[0181 

[m 1 91 

[112 01 
[1112 11 

m 3 pj m^Wz<^ vyyx^^o 

[1112 21 
[[12 31 

2 2 AttTt^.^. 
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2 4 ^fl-^^f a« 

2 6 ^itit^% 

3 0 $jfe7t^.^>ll]tK^ 
3 2 ^1 (ry^^^^'is^m. 
3 4 vtffl:^*-r KIIIf5^ 
3 6 m^^if'i Y 

3 7 ^2 co|l|5:4''L4t 

4 0 ^I^^^M^ 
4 2 

4 5 n.Pcm^-h<r)m^^'L-^ 

4 6 i^^^^^f ^ 

4 8 ^1 Pli^ 

5 0 m2PS^ 
5 2 

5 4 m <7)afeji*M K 

5 6 %2(0^mii^ K 

5 8 m^^ 

6 0 

6 1 

6 6 XHW 

6 8 ^mm^y-^m 

7 0 AltffiiJ-ty n ^ - ^^fi 

7 6 ^mm<y~ 

8 2 T:^^-r•^f-^g 

8 4 X^tl^tB^ 

9 2 ^^:tti§?^f#^ 
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tBliE# 2 0 0 3 - 



3 0 9 8 3 0 9 
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3 0 9 8 3 0 9 
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[119] 



112 




110 



108 




i±lll#2 0 0 3 



-3098309 



mm 2 0 0 3 
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imi 1] 
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[mis] 





c ^ 










i 






\ 
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[H 1 41 
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miiE#2 0 0 3 - 



3 0 9 8 3 0 9 
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l±liiE# 2 0 0 3 
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[mi 7] 



tauO 
a> 



CM 



69. 132 



69.131 - 



69. 130 - 



69.129 - 



69.128 - 



Si (400)CD-< >'^U—>^tfT 


m^tf-<7(D^m. (cps) 








/ / \r)-r ^^^^ 


I 


300 



-0.002 -0.001 0.000 0.001 0.002 
A OJ (deg) 
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[mi 91 

SiOx— /\ Si (400) — 1 




68.6 68.8 69.0 69.2 69.4 69.6 

2d (deg) 
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Si (2.-2,0) 
Si (220) 




47.3 47.4 47.5 47.6 47.7 
2 6 (deg) 
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[112 2] 



1.0 



0.8 



^0.6 



0.4 - 



0.2 



r- Si (4. -4.0) 
- Si (440) 



107.0 107.2 107.4 107.6 

2d (deg) 
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[112 31 




o 


oo 
o 


CO 

o 


o 


CM 

o 


o 
o 


o 


o 


o 


o 


o 


o 




(39P) 


9 
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^-v: i/E 



mm 

a« 2 4 (Dm^mm^^ 3 e , 4 0 {±, t^i^^i- e 0 (/jj^ia e 1 ;5>^^^ 1 (Dm^i^^^c^m. 

3 2 t;¥^f t^^--?) J: ^ tcK$-1-6 0 1 <^^f^t3^t#1-'2>^:*tS^:. Sittz^^^ J: 

X^itit^^.2 6 1 (7)[il$S43-L4t3 2 com ^) mufs^-ii:^ t , ^ >-7°V-> 

mMij^Ti^^nrt^tc^^o li^fl-e o ^^2 c7)^f^tciij#LT^7fe7ic^.^>2 6 

[il^H] EI 2 
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